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ABSTRACT

Background: Calf circumference (CC) is used in geriatric studies as
a simple and practical skeletal muscle (SM) marker for diagnosing
low SM and sarcopenia. Currently applied CC cutoff points
were developed in samples including older participants; values
representative of the full adult lifespan are lacking.

Objectives: We aimed to develop CC cutoff points and to identify
relevant confounding factors from the large and diverse NHANES
1999-2006 population sample.

Methods: Demographic, anthropometric, and imaging data (DXA,
appendicular lean mass) from the adult (age >18 y) NHANES
sample were partitioned into subgroups according to sex, age,
ethnicity, and race. Adults aged 18-39 y and BMI (in kg/m?) 18.5—
24.9 were set as a reference population; CC cutoff points were
derived at 1 and 2 SDs below the mean.

Results: The sample included 17,789 participants, 51.3% males and
48.7% temales, with respective ages (mean = SD) of 43.3 £+ 16.1y
and 45.5 + 16.9 y. CC was strongly correlated with appendicular
lean mass, r = 0.84 and 0.86 for males and females (both
P < 0.001), respectively. Significant differences in mean CC were
present across sex, ethnic, self-reported race, and BMI groups.
Adjusting CC for adiposity using BMI revealed a decrease in CC
beginning after the second decade in males and third decade in
females. Rounded CC cutoff values for moderately and severely
low CC were 34 cm and 32 cm (males), and 33 cm and 31 cm
(females), respectively. Our findings support the use of BMI-adjusted
CC values for participants outside the normal-weight BMI range
(18-24.9).

Conclusions: This study defined CC values in a diverse population
sample along with a BMI-adjustment approach that helps to remove
the confounding effects of adiposity and thereby improves CC
as a useful clinical estimate of SM mass. Am J Clin Nutr
2021;113:1679-1687.
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Introduction

Skeletal muscle (SM) is the largest body compartment in
people who are not obese (1) and has a substantial reserve of
available protein that can be metabolized during periods of neg-
ative nitrogen balance (2). Accordingly, SM mass and function
are classic markers of nutritional status closely associated with
clinical outcomes, including morbidity and mortality (3).

Over the past several decades, SM mass and function were
additionally centered as the pathophysiological markers of
sarcopenia (4) and its variants such as sarcopenic obesity (5).
Muscle mass was also included as one of the phenotypic criteria
for diagnosing malnutrition according to the Global Leadership
Initiative on Malnutrition (6). Measuring regional and whole-
body SM mass is now possible with computed tomography and
MRI, methods available to investigators primarily working at
research facilities. DXA is an alternative imaging method that
provides estimates of appendicular lean soft tissue (ALST) or
appendicular lean mass, a compartment highly correlated with
appendicular skeletal muscle and whole-body muscle mass (7).
All 3 of these imaging methods have served as references for
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developing other simpler, lower cost measures of SM mass
such as anthropometry and bioelectrical impedance analysis.
Nonetheless, there is a demand for simple tools that can be
applied in routine clinical use that improve the nutritional status
assessment in every patient, regardless of financial constraints
(8).

One anthropometric approach gaining interest as a marker
of SM mass in limited settings is calf circumference (CC)
measurement. Values for CC are highly correlated with direct
measurements of SM mass in cadavers (r = 0.90 in males and
r = 0.77 in females) (9). Kawakami et al. (10) reported high
correlations between CC and DXA ALST (r = 0.81 in males
and » = 0.73 in females) and height-adjusted ALST (» = 0.80 in
males and » = 0.69 in females). Santos et al. (11) confirmed these
findings and reported prediction equations for DXA appendicular
SM from CC using data from 15,293 adult participants in the
NHANES 1999-2006. CC measurements are associated with
grip strength (12), fat-free mass, and basal energy expenditure
(13), rates of hospital readmission (14), insulin resistance, and
carotid atherosclerosis (15).

CC measurements are largely used in geriatric studies as a
muscle marker, and are the most used tool for muscle mass
assessment in clinical practice for the diagnosis of sarcopenia
in older people (16). Recently, CC has been recommended as a
muscle marker for sarcopenia case finding by the Asian Working
Group for Sarcopenia Consensus (17), as well as a component of
sarcopenia screening tools such as that proposed by Ishii et al.
(12) and the SARC-CalF score (18).

Although CC has many important qualities as a practical tool
for evaluating the adequacy of SM mass in limited settings or in
patients whose mobility is restricted, an important gap remains:
values, appropriately adjusted for confounding factors, in a large
and diverse sample are lacking. All of the CC cutoff points
published so far came from studies in older persons (10, 18-22).
With that in mind, the aim of the current study was to fill that
gap by analyzing a large sample of healthy participants from the
NHANES 1999-2006 database.

Methods
Study design

This was a cross-sectional study using the database developed
from the NHANES survey data collected from 1999 to 2006. Par-
ticipants in NHANES had body shape and composition evaluated
using a combination of anthropometric and imaging methods.
The NHANES protocol was approved by the Institutional Review
Board of the National Center for Health Statistics, CDC. All
participants provided written informed consent. The NHANES
DXA dataset used in this study is accessible online at the CDC
website (https://wwwn.cdc.gov/nchs/nhanes/ContinuousNhanes/
Default.aspx).

Participants

Because random sampling is not feasible, the NHANES
applies a complex multistage sampling strategy from the entire
US population that includes subgroups of people who are
institutionalized. In the current study, NHANES participants
were excluded if they were aged <18 y, pregnant, or had
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missing data on our primary variable dataset. Sample data were
partitioned into subgroups according to sex, age, ethnicity, and
race. People self-identifying as Mexican American (MA) were
coded as such in this phase of NHANES. People self-identifying
as non-Hispanic white (NHW) or non-Hispanic black (NHB)
were coded as separate race groups. Remaining participants
were coded as “other” (OTHR), a smaller diverse sample that
included other Hispanics and multiracial persons. Participants
were grouped into 7 age categories, 18-19, >20 y in 10-y
increments, and 70+.

DXA assessments

Body composition was evaluated at the Mobile Examination
Center with a Hologic QDR 4500A fan beam X-ray bone
densitometer (Hologic Inc., and Hologic Discovery software,
version 12.1). The whole-body scans were performed under
standard conditions and a detailed description can be found in the
NHANES procedures manual (23). Exclusion criteria for DXA
examination were weight >136 kg (300 Ib), height >1.96 m (6 ft
5 in), or contrast-based radiological nuclear examinations in the
prior 72 h. ALST was estimated as the sum of the lean soft tissue
from the legs and arms and adjusted by height squared to obtain
the appendicular lean mass index (ALMI, in kilograms per meter
squared).

Anthropometric measures

Weight, height, and CC were measured at the Mobile
Examination Center using the standard methodology described
in detail in the NHANES procedures manual (23). BMI was
estimated from weight and height and stratified according to
WHO standards (24).

Participants clothed in underwear with disposable paper
gowns and foam slippers had their weight measured with a
Toledo digital scale (Mettler-Toledo Inc.) and height measured
with a fixed stadiometer (Seca electronic stadiometer) with a
vertical backboard and a movable headboard. The participants
stood on the floor, with the heels of both feet together. The
buttocks, shoulder blades, and the back of the head stayed
contacting the vertical backboard. The participants’ heads
were aligned in the Frankfurt horizontal plane. A nonflexible
steel measuring tape was used for all of the anthropometric
assessments.

CC was measured using the steel measuring tape while the
participant remained in a seated position. The maximal CC was
measured on a perpendicular plane to the long axis on the right
calf, to the nearest 0.1 cm.

Statistical analysis

To increase the representativeness of the sample at the
individual participant level, probability sampling weights were
applied considering survey nonresponse, oversampling, post-
stratification, and sampling errors. The sample characteristics
were described as absolute and relative frequencies (categorical
variables) or mean and SDs (continuous variables). Outliers for
CC measurements were identified and removed from the dataset
based on the IQR method with a threshold of 3. Descriptive
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TABLE 1 Characteristics of the participants from NHANES 1999-2006: males'
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Total NH white NH black Mexican American OTHR
Male (n=9134) (n = 4298) (n = 1959) (n=2191) (n = 686) P value
Age,y 433 + 16.1 45.0 + 16.3 40.9 + 15.32 36.3 + 13.5% 40.0 + 14.9° <0.001
Weight, kg 86.8 &+ 18.5 88.3 + 18.1 87.3 + 20.5 80.6 + 16.52 80.6 + 18.12 <0.001
Height, cm 1763 + 7.6 1775 + 7.2 1772 + 7.2 170.1 + 7.12 171.8 + 7.6 <0.001
BMI, kg/m? 279 + 5.3 28.0 + 5.3 278 £ 59 27.8 + 49 272 + 5.1% <0.001
Fat mass, kg 25.1 + 10.1 258 + 10.1 233 + 1122 233 + 9.0 229 + 9.3% <0.001
Fat mass, % 277 + 6.2 28.1 + 6.1 253 + 6.8% 27.8 + 5.52 273 + 5.9% <0.001
Lean mass, kg 59.8 + 9.7 60.5 + 9.4 61.9 + 10.7% 55.6 + 8.57 56.0 + 10.12 <0.001
ALMI, kg/m? 8.6+ 1.3 85+ 1.2 9.3 + 1.52 85+ 1.1 84 + 13 <0.001

!'Values shown as mean + SD; P value indicates significant differences in variables among ethnic and race groups. ALMI, appendicular lean mass index;

NH, non-Hispanic; OTHR, other ethnic and race classification.

2Significantly different compared with NH white using pairwise test for multiple comparisons of independent groups (P values adjusted by Bonferroni

method: P < 0.001).

statistics, including CC mean and SD, median, 5th, 50th, and
95th percentiles, were calculated for established sex, ethnic, race,
age, and BMI groups. The relation between ALMI and CC was
tested by Pearson correlation coefficient, and its strength was
classified according to r values as very high (» = 0.90-1.00),
high (r = 0.70-0.90), moderate (0.50-0.70), low (0.30-0.50), or
negligible (0.00-0.30) (25).

Significant differences for CC across race and ethnic groups
were evaluated with variance and post hoc tests for each group
by age, sex, ethnicity, and race. The Levene test was used to
evaluate if each group sample had equal variances. We applied a
1-factor ANOVA and parametric Bonferroni test for equal vari-
ance, and Kruskal-Wallis and Dunn tests for unequal variances.
Data from an individual age group (18-39 y) were explored to
determine CC values in young adults with BMI 18.5-24.9 as the
reference population. We used weighted linear regression models
controlled by age to determine BMI adjustment factors for CC
estimation and applied them in participants with BMIs different
from 18.5-24.9. Significance was based on P < 0.05 for all
tests.

All parameter estimates were obtained using Python 3.7.6 and
its associated “Scipy” (Scientific Library for Python for free)
and “Statsmodels,” a Python module that provides classes and
functions for the estimation of many different statistical models,
as well as for conducting statistical tests, and statistical data
exploration. Graphs were made using the Stata 16.1 program
(StataCorp.).

Results

A total sample of 17,789 participants (51.3% males and 48.7%
females) was analyzed from 17,856 participants, after excluding
outliers (n = 67) as described in Methods (Supplemental
Figure 1). Tables 1 and 2 summarize the age and body
composition characteristics of the sample according to sex,
self-reported race, and ethnicity. From the total sample, race
and ethnicity were distributed as follows: 46.7% NHW, 21.6%
NHB, 23.8% MA, and 7.9% OTHR. The mean sample age was
43.3 £16.1 y for males and 45.5 + 16.9 y for females. The mean
sample BMI did not differ between males and females, 27.9 5.3
and 28.0 &+ 6.7, respectively, but there were some differences
in BMI among race and ethnic groups. Males and females from
OTHR had a lower BMI than their NHW peers, although NHB
and MA females had a higher BMI than NHW females. NHW
males had the highest fat mass among the ethnic and race groups,
whereas NHB males showed the highest lean mass and ALMI.
Among the females, NHBs showed the highest fat mass, lean
mass, and ALMI mean values among ethnic and race groups.

The correlation scatterplot between CC and ALMI is presented
in Figure 1. There was a high positive correlation for both sexes
(Pearson correlation » = 0.80 for males and females), and CC
alone explained 64% and 65% of ALMI variability for males
and females, respectively. These correlations varied with age,
with the highest values in participants aged <20 y (r = 0.84
for males and r = 0.86 for females) and the lowest values in

TABLE 2 Characteristics of the participants from NHANES 1999-2006: females'

Total NH white NH black Mexican American OTHR
Female (n = 8655) (n=4011) (n=1891) (n = 2040) (n =713) P value
Age,y 455 + 16.9 47.1 £ 17.1 42.8 + 15.82 38.2 + 14.62 42,6 + 15.82 <0.001
Weight, kg 73.8 + 18.5 73.5 + 18.1 82.1 + 20.5% 72.0 + 16.52 68.3 + 17.0° <0.001
Height, cm 162.3 + 6.8 1632 + 6.4 163.1 + 6.5 157.8 + 6.4° 158.2 + 6.7° <0.001
BMI, kg/m? 28.0 + 6.7 27.6 + 6.6 309 + 7.4% 28.9 + 6.42 272 + 6.1% <0.001
Fat mass, kg 304 + 12.0 302 £ 11.9 344 + 1342 302 + 10.5 27.8 + 10.7% <0.001
Fat mass, % 39.6 + 6.7 39.5 + 6.9 403 + 6.9 40.6 + 5.82 39.2 + 6.1 <0.001
Lean mass, kg 419 + 74 418 + 7.1 46.0 + 8.12 40.4 + 6.82 39.2 + 7.0% <0.001
ALMI, kg/m? 67+ 13 6.6 £ 12 7.8 + 1.52 67+ 12 6.6 £ 1.2 <0.001

!'Values shown as mean + SD; P value indicates significant differences in variables among ethnic and race groups. ALMI, appendicular lean mass index;
NH, non-Hispanic; OTHR, other ethnic and race classification.
2Significantly different compared with NH white using pairwise test for multiple comparisons of independent groups (P values adjusted by Bonferroni

method: P < 0.001).
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FIGURE 1 Correlation, linear regression, and coefficient of determi-
nation (R"2) between appendicular lean mass index (ALMI) and calf
circumference in males (n = 9134, black dots) and females (n = 8655, gray
dots). Pearson correlation coefficient = 0.80 (males and females).

participants aged >70 y (r = 0.75 for males and r = 0.71 for
females) (Supplemental Table 1).

Table 3 shows CC values by sex, ethnicity, and race. There
were significant differences not only between males and females,
as expected, but also among ethnic and race groups. Males had
higher CC mean values than females for all ethnic and race
groups except NHBs, whereas females had higher CC mean
values than males. All CC mean values differed among the ethnic
and race groups. In males, the lowest CC was found in the MA
group, whereas in females, the lowest CC mean values were
present in the OTHR group. The ethnic and race group with
the highest CC also differed between males and females: in
males, NHWs had the highest mean values (39.6 & 3.8 cm),
whereas in females, the highest mean values were found in NHBs
(39.4 £ 4.7 cm).

Figure 2 shows the variation of CC according to age and
ethnicity and race for males and females. For all of the ethnic
and race groups, in males and females, CC remained almost
stable until age 60 y and decreased slowly after this age. The
differences were more remarkable among ethnic and race groups
for males in the fourth decade, when NHW males began to
show higher CC mean values than the other ethnic and race
groups. In females, NHBs showed higher CC values than all of
the other ethnic and race groups until the seventh decade, and
from this age on, their values were similar to those found for
NHW females. Across all age groups, MA and OTHR females
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FIGURE 2 Distribution of calf circumference values according to
age, ethnicity, and race, for (A) males (n = 9134) and (B) females
(n = 8655).

showed comparable values, consistently lower than NHB and
NHW females. This variation with age changed when CC values
were adjusted by BMI. Figure 3 shows the unadjusted and BMI-
adjusted CC mean values according to age group. Unadjusted CC
mean values increased progressively until the fourth decade, and
then decreased slowly, with a marked decrease after the sixth
decade for males and females. A different result was observed
when CC mean values were adjusted by BMI: the CC peak was

TABLE 3 Mean + SD values for calf circumference according to sex, ethnicity, and race (n = 17,789)!

Males (n = 9134)

Females (n = 8655)

Total

Non-Hispanic white (n = 8309)
Non-Hispanic black (n = 3850)
Mexican American (n = 4231)
Other ethnicity and race (n = 1399)

393+£39 382+45
39.6 £3.8 383+£45
392+£42 39.4+47
37.8 £35 37.1£42
385+£39 37.0+£43

T All values for males and females are significantly different according to ethnicity and race: non-Hispanic
white > non-Hispanic black > Other ethnicity and race > Mexican American for males; non-Hispanic
black > non-Hispanic white > Mexican American > Other ethnicity and race for females (P < 0.001 from pairwise
test for multiple comparisons of independent groups: Dunn test).
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FIGURE 3 Unadjusted and BMI-adjusted calf circumference (mean and limits of 95% confidence interval) according to age for males (n = 9134) and
females (n = 8655). (A) unadjusted males, (B) BMI-adjusted males, (C) unadjusted females, and (D) BMI-adjusted females.

present in the second decade for males and in the third decade for
females, with a progressive decline after these ages.

As shown in Figure 4, CC also varied among BMI groups.
Across age groups, there was an evident difference in CC values
between BMI categories. For males and females in all age groups,
CC values were lower in participants with BMI <18.5 and higher
in participants with overweight or any level of obesity than in
participants with normal BMI.

The weighted CC percentiles, means, and SDs according
to sex, ethnicity, race, age, and BMI categories are shown as
Supplemental Tables 2-5 (males) and Supplemental Tables 6—
9 (females).

A subsample of 3104 participants aged 18-39 y and with
normal BMI (18.5-24.9) was defined as the reference population.
Their CC mean values with SDs are presented in Table 4.
The respective cutoff values were generated using 1 or 2 SDs
below each mean to define, respectively, moderately low or
severely low CC values. The generated cutoff values for the
total sample, NHWs, and NHBs are remarkably similar, and only
MAs and OTHRs had significantly smaller values than the other
ethnic and race groups. The use of rounded figures for cutoff
values was suggested in the updated European Working Group
on Sarcopenia in Older People (EWGSOP2) Consensus (4) to
facilitate their clinical practice use. Accordingly, rounded cutoff
values for males are 34 and 32 cm (using, respectively, 1 and
2 SDs) for the total sample and all ethnic and race groups—
except for MAs (33 and 31 cm). For females, the rounded cutoff

values are 33 and 31 cm (1 and 2 SDs, respectively) for the total
sample, NHWs, and NHBs. For MA and OTHR females, the
values would be lower: 32 and 30 cm, using, respectively, 1 and
2 SDs.

Considering that CC varied among different BMI groups,
we propose CC adjustment factors for participants with BMI
values outside the 18-24.9 range, using age-adjusted linear
regression models. This approach enables the use of the suggested
cutoff values in participants with any BMI. The total sample’s
adjustment factors and stratified by sex, ethnicity, and race are
presented in Tables 5 and 6.

We estimated the prevalence of low CC by 2 approaches:
using the adjustment factors and cutoff values developed for the
total sample (CV,), and using the ethnicity and race-specific
adjustment factors and cutoff values (CVy,.), as demonstrated in
Tables 4, 5, and 6. The moderately low and severely low CC
prevalences using CV, were 22.4% and 9.4%, respectively, in
the whole sample. The moderately low and severely low CC
prevalences were slightly lower using CV,.: 20.2% and 8.0%,
respectively.

We also assessed the prevalence of low CC according to BMI,
using the ethnicity and race-specific adjustment factor and the
raw CC values for the whole sample (Figure 5). The moderately
low CC prevalence varied from 11.6% (BMI <18.5) to 22.0%
(BMI 30-39.9). The severely low CC prevalence varied from
3.0% (BMI <18.5) to 16.2% (BMI >40). When the raw CC
values were used, without the adjustment factor, the prevalences
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FIGURE 4 Distribution of calf circumference values according to age
and BMI categories, for (A) males (n = 9134) and (B) females (n = 8655).

of moderately low and severely low CC were 42.0% and 44.8%,
respectively, in participants with BMI <18.5, and the presence
of low CC in participants with BMI >30 was found in only a
minimal number of participants (<0.5%).

Discussion

In this study, to the best of our knowledge, we show for the
first time CC values from a large sample of healthy NHANES
participants varying in age, ethnicity, and self-reported race. Until
now, all published CC cutpoints were developed from people
aged >40 y and were defined by statistical methods (receiver
operating characteristic) as the best CC value to identify low
muscle mass as measured by DXA or bioelectrical impedance
analysis for diagnosing sarcopenia (10, 19-22, 26-28).

In all of these studies, except for Bahat et al. (19), CC cutpoints
were smaller for females than males. In our study, the rounded
cutoff values using 1 SD below the mean were similar to those
previously published: 33—34 cm for males (4 of 6 studies) (10,
19-20, 26) and 32-33 cm for females (5 of 8 studies) (10, 19-21,
26). However, we found smaller rounded cutoff values using 2
SDs below the mean (severely low CC): 31-32 c¢cm for males and

TABLE 4 Reference! and cutoff values? for calf circumference according to sex, ethnicity, and race, from participants with normal BMI?

Females

Males

Cutoff values?

—1 SD RV

Ref. values!

Cutoff values?

—1 SDRV

Ref. values!

—2SD RV

-2 SD

—1SD
33.0

Mean + SD

n
1465
656
279
378

—2SD RV

-2 SD
31.9

—1SD

Mean =+ SD
36.34+22
36.6 +2.2
36.44+22

349 +£2.1

30.7 31

33

353+£23
356+£22
353+£22
339+23
346+£22

32
32
32
31

34
34
34
33
34

1639 34.1
633

429
428

Total

31.2 31

33
33

334

322

344

Non-Hispanic white

31

30.9

33.1

32.0

342

Non-Hispanic black

29
30

29.3

32
32

31.6

30.7

32.8

Mexican American

324 30.2

152

32

31.8

36.0 £ 2.1 339

149

Other ethnicity and race group

IReference values defined as mean values from participants aged 18-39 y.

2Cutoff values defined as 1 or 2 SDs below the mean values.

3Normal BMI: 18.5-24.9 kg/m?; for other BMI groups, use the adjusting factors for correction of calf circumference (Table 5). RV: rounded value.
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TABLE 5 BMI adjustment factors for calf circumference for males outside
the 18.5-24.9 BMI range!
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TABLE 6 BMI adjustment factors for calf circumference for females
outside the 18.5-24.9 BMI range'

Total
BMI group Adjustment factor, cm Rounded value
<18.5 +4.3 +4.0
25-29.9 —34 —-3.0
30-39.9 —6.8 —-17.0
>40 —12.0 —-12.0
Non-Hispanic white
BMI group Adjustment factor, cm Rounded value
<185 +4.7 +5.0
25-29.9 —34 —-3.0
30-39.9 —-6.7 -7.0
>40 —-11.9 —-12.0
Non-Hispanic black
BMI group Adjustment factor, cm Rounded value
<185 +4.2 +4.0
25-29.9 —34 —-3.0
30-39.9 —-72 -7.0
>40 —-12.0 —-12.0
Mexican American
BMI group Adjustment factor, cm Rounded value
<185 +4.0 +4.0
25-29.9 —3.1 —-3.0
30-39.9 —6.4 —6.0
>40 —12.1 —-12.0
Other ethnicity and race
BMI group Adjustment factor, cm Rounded value
<185 +3.4 +3.0
25-29.9 —-35 —-4.0
30-39.9 —-6.9 -7.0
>40 —12.2 —-12.0

! Adjustment factor from linear regression for calf circumference,
adjusted by age, for BMI outside the 18.5-24.9 range. All BMI ranges given
in units of kg/m?.

29-31 cm for females. Considering that the previously published
CC cutoffs were defined to diagnose sarcopenia in older people,
our findings suggest that, for older adults, a moderately low
CC (1 SD below the mean) can be adequate for sarcopenia
diagnosis/screening.

We found a strong correlation between CC and ALMI
measured by DXA in all age groups, although the correlations
were smaller in the older age groups. In the other noted published
studies, this correlation was strong only when participants were
aged <60y (10, 27, 28), being moderate in people aged >70 y
(21, 22). This smaller correlation between CC and ALMI in older
people could be explained by changes in body composition with
aging: for the same CC, the nonmuscular components of the calf,
not detected by the circumference measurement (subcutaneous
adipose tissue and intramuscular adipose tissue), will be larger in
older persons (29). Nevertheless, Asai et al. (30) found a strong
correlation (r = 0.91 for males and » = 0.90 for females) between
CC and calf muscle mass measured by MRI in people aged >60
y. Considering the higher nonmuscular component of the CC in
older people, and the risk of muscle mass overestimation, we
suggest the cutoff point obtained using 1 SD below the mean
(from a reference young population) to detect low muscle mass
in adults aged >65y.

Confirming previous studies using different tools to evaluate
body composition, CC values also differ among the ethnic and

Total
BMI group Adjustment factor, cm Rounded value
<185 +3.9 +4.0
25-29.9 -3.0 -3.0
30-39.9 —6.7 -7.0
>40 —11.6 —-12.0
Non-Hispanic white
BMI group Adjustment factor, cm Rounded value
<185 +4.0 +4.0
25-29.9 —-32 -3.0
30-39.9 —-6.9 -7.0
>40 —11.8 —-12.0
Non-Hispanic black
BMI group Adjustment factor, cm Rounded value
<185 +4.3 +4.0
25-29.9 —-32 -3.0
30-39.9 —-6.9 -7.0
>40 —11.7 —-12.0
Mexican American
BMI group Adjustment factor, cm Rounded value
<185 +4.1 +4.0
25-29.9 -29 -3.0
30-39.9 —-6.3 —-6.0
>40 —11.6 —-12.0
Other ethnicity and race
BMI group Adjustment factor, cm Rounded value
<185 +3.7 +4.0
25-29.9 —-2.8 -3.0
30-39.9 —6.7 -7.0
>40 —10.8 —11.0

! Adjustment factor from linear regression for calf circumference,
adjusted by age, for BMI outside the 18.5-24.9 range. All BMI ranges given
in units of kg/m?.

race groups. Ethnic and race differences in muscularity have been
reported across these sociodemographic groups, as demonstrated
by other studies (31, 32). Notwithstanding, at the same BMI,
these differences are smaller (by only decimal points), with no
clinical practice significance when we use rounded CC values
as suggested in the recent Consensus (4). Only MAs (females
and males) and females from OTHRs have a different suggested
cutoff. The differences in CC measurements appear related to the
difference in BMI among the ethnic and race groups (adipose
tissue component from CC) rather than the muscle component
itself.

The age-related changes in muscle mass were also observed in
this study. Our results for unadjusted mean CC values are similar
to those found by Landi et al. (33), being almost stable until the
fifth decade and decreasing slightly after this age. It is interesting
to note that the CC variation across the age groups changed after
BMI adjustment: the peak values for males and females are in
the second and third decade, respectively, with a steeper decrease
after the fourth decade, comparable to muscle strength variation
with age. It appears as if BMI confounds the effect of age on CC;
after this adjustment, CC improves as a muscle mass marker and
could also have stronger correlations with function.

As expected, mean CC values are significantly higher in
persons with overweight/obesity, and smaller in persons with
BMI <18.5, regardless of age, ethnicity, or race. This observation
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FIGURE 5 Low calf circumference (CC) prevalence according to BMI.
Moderately or severely low CC: 1 (triangles) and 2 (circles) SDs below the
mean from the reference population, respectively. Solid lines: using ethnicity
and race-specific BMI adjustment factors and cutoff values. Dotted lines:
using CC raw values and ethnicity and race-specific cutoff values. adj.,
adjusted.

can be explained by a larger amount of adipose and intermuscular
adipose tissue in the calves, as demonstrated by Hilton et al. (34).
Obesity is considered one of the limitations of CC diagnostic
performance as a muscle mass marker (35), and BMI, as a
marker of adiposity/obesity, is an independent associated factor
for predicting calf muscle mass measured by MRI, in addition
to CC per se (30). We also show in this study the influence
of BMI on age and ethnic and race CC variation. To overcome
this important effect, we suggested adjustment factors for BMIs
beyond the 18.5-24.9 range. Using raw CC measurements would
underestimate the prevalence of low CC in people with BMI >25,
and overestimate it in those with BMI <18.5. In our sample,
using the raw CC values, almost 87% of the participants with
BMI <18.5 would be classified as having a low CC, and almost no
participant with BMI >30 would have low CC. We do not believe
that these prevalence estimates represent the actual frequency
of low muscle mass in the general population. The prevalence
of low muscle mass is more realistic using the adjusted CC
values, identifying low CC even in the presence of obesity.
Age might explain the lower prevalence of low CC values in
people with BMI <18.5 when we use the adjustment factor:
these individuals are significantly younger than those in the other
BMI categories. The statistical approach suggested in this study
(BMI adjustment factors) is easier than using the CC corrected by
skinfold thickness, suggested by some authors (36), especially in
people with overweight and obesity. The adjusted CC is easily
obtained by adding 4 cm (BMI <18.5) or subtracting 3, 7, or
12 cm (BMI 25-29, 30-39, and >40, respectively) from the
CC measure. The BMI adjustment factors would also allow the
correct identification of low CC under any BMI, using the cutoff
values developed from the reference population.

One limitation of this study is the use of BMI as a marker
of CC’s adiposity component. We are aware of the modest
association between BMI and percentage fat mass in this same
sample (11). Notwithstanding, BMI as an adiposity marker can
be used in any clinical setting where CC measurement is intended
to be used. Another limitation is using cutpoint values derived
from a reference (healthy and young) population in older persons.
As observed with other body composition tools, such as DXA,
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an older person’s CC muscle component is smaller than a
younger person’s, even for the same CC measurement and BMI.
Nonetheless, our cutoff values are remarkably similar to those
generated from studies with older participants.

In conclusion, this study proposes CC values that can be used
as a marker for the muscle mass assessment. The BMI adjustment
factors should be used to obtain a better estimation of the muscle
compartment in persons with BMI different from the normal
range. This approach enables the use of CC in clinical practice,
helping in the identification of low muscle mass. Further clinical
studies could show the improvement of the role of CC as a muscle
marker and its association with functional or adverse outcomes
with this new approach.
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